In the years [2004][2005][2006], flowering dynamics and nectar secretion of Phacelia campanularia A. Gray flowers as well as the insect visitation rate were studied in the climatic conditions of Lublin, Poland.
INTRODUCTION
The genus Phacelia Juss. includes more than half of all species of the family Hydrophyllaceae. Lacy phacelia (Phacelia tanacetifolia) is encountered most frequently in Poland, and it is grown primarily as an excellent melliferous plant. The cultivated taxa of the genus Phacelia also include Ph. campanularia, characterized by high decorative values. This species is recommended for rock gardens, for borders and flowerbeds. Its flowers provide both nectar and pollen, and that is why they are visited by various insects (H o w e s , 1979; M o u n t a i n et al. 1981; W r ó b l e w s k a , 2006).
The aim of the present study was to determine the diurnal and seasonal flowering dynamics of Phacelia campanularia and to estimate the nectar production rate and sugar yield of its flowers. Moreover, the intensity of foraging on its inflorescences by pollinating insects was investigated at different times of the day. The rate of nectar production in flowers was investigated using the pipette method (J a b ł o ń s k i , 2003). Nectar was sampled during the successive growing seasons at two dates, each time from 10 flowers in six replications. The percentage sugar content in the nectar was determined with an Abbe refractometer. Sugar and honey yield per 10 flowers, per plant and per unit area of Phacelia campanularia were determined.
MATERIALS AND METHODS

In
In order to determine the insect visitation rate for phacelia, the number of insects visiting its flowers at different times of the day was recorded on four plots with an area of 1m 2 each. Monitoring was carried out during two growing seasons, at full bloom, in favourable weather conditions for insect foraging. The number of insects was recorded at two-hour intervals, from 8:00 to 20:00 hours Eastern European Time.
The obtained results on sugar weight in nectar were subjected to statistical analysis using SAS 9.2 software. The significance of differences between means was evaluated at a significance level of α=0.05 using Tukey's test.
RESULTS
In the conditions of Lublin, the flowering of Phacelia campanularia lasted from 1.5 up to 2 months. The first flowers opened in the middle of June. Full bloom occurred between the third and fifth week of the flowering period of this taxon, when the mean number of flowers per plant was within the range of 23. 5-33.8 in 2004 and 28.7-48.0 in 2006 (Fig. 1) . High temperature and the lack of rainfall in the first and third decade of July 2006 reduced significantly the development of successive flower buds and, as a consequence of that, the intensity of flowering of the plants in the second half of this month. In both the seasons in question, phacelia finished blooming at the turn of the first and second decade of August ( Fig. 1 ), but in 2005 nearly two weeks earlier, in the last week of July. The flower life span was, depending on weather conditions, 2-3 days. The investigations of the diurnal dynamics of flowering showed that the number of flowers per unit area changed throughout the day. At the full bloom stage, from 291.6 to 475.9 flowers were recorded per 1 m 2 , but their number was the lowest at 14:00 hours and subsequently increased reaching its maximum at 20:00 hours (Fig. 2) .
During the growing season, Phacelia campanularia produced on the main stem from several up to more than a dozen lateral branches which reached a height of 38 to 59 cm. An average of 388.7 to 437.8 flowers was recorded, and they were borne in inflorescences called drepanium (Fig. 3A) . Depending on plant density per unit area and the abundance of flowering, the number of flowers produced per 1 m 2 of a flower crop was from 3692.6 in 2004 to 4159.1 in 2005, averaging 3943.4.
The nectary of phacelia is located within the flower, at the base of the ovary of the pistil (Fig. 3B) . It has the shape of a disc and greenish-yellowish colour. The process of nectar secretion in flowers starts simultaneously with the opening of petals and is the most intense in the afternoon hours. The secreted nectar accumulates at the base of the corolla tube, whence it is collected by insects.
The weight of nectar from 10 flowers and the concentration of sugars contained in it varied both in particular years and between study years. The highest mean values of nectar per 10 flowers -91.33 mg and 94.90 mg -were obtained in the first and third years of the study. The results in the 2005 season were more than twice lower, reaching only 40.71 mg (Table 1) . Sugar concentration in nectar was closely correlated with nectar weight, and it ranged between 4.0 and 44.0%. Its mean values for the successive years of the study were 9.7%, 30.3% and 20.6%, respectively. The average weight of sugars from 10 flowers was the lowest in 2004 (7.57 mg), while in the next two years it was 12.67 mg and 13.70 mg (Table 1) . Sugar yield per plant reached mean values within the range from 294.2 to 573.6 mg. From 2.79 mg to 5.45 mg of sugars could be obtained per 1 m 2 . Among the entomofauna foraging on the flowers of phacelia, honey bees were by far predominant (Fig.  3CDE) , with their proportion accounting for 84.8% (Fig. 4) . Their number was the lowest in the afternoon hours (Fig. 5) . Solitary bees (7.8%) and bumblebees (4.6%) were characterized by much lower percentages (Fig. 4) . Insects visited the flowers of the studied taxon throughout the whole day (Fig. 5) . 
DISCUSSION
In the conditions of Lublin, the flowering period of Phacelia campanularia occurs during the summer and lasts, depending on weather conditions, from the middle of June until the last days of July or until the end of the first decade of August. The number of flowers per 1 m 2 changed during the season and reached its maximum at the full bloom stage, which occurred after 3-5 weeks from the beginning of flowering of this species. The flowering times estimated for Ph. campanularia during the three-year study period are longer than those given by K r a u z e et al. (2004) for this species, but also longer than the times noted for Ph. Whitlavia, Ph. grandiflora, Ph. viscida and Ph. tanacetifolia (Z i m n a , 1960) .
The observations of the diurnal dynamics of flowering showed that the number of flowers per plant changed throughout the day. From the morning hours, the number of open flowers decreased with an increase in temperature until noon, and then it increased reaching the maximum value in the evening hours. During the full flowering period, the number of Ph. campanularia flowers per 1 m 2 was 3.6-4.1 thousand. According to W i l i a m s and C h r i s t i a n (1991), Ph. tanacetifolia is characterized by similar abundance of flowering, producing from 2 up to 4 thousand flowers on such area, depending on the sowing date.
In the available literature, no information was found on nectar production of Ph. campanularia flowers and the insect visitation rates. Likewise in other phacelia species (H o f m a n n , 1999), the nectary of the studied taxon has the shape of a disc located at the base of ovary. During its lifetime, one flower secreted on average 7.56 mg of nectar. This value is higher than that obtained by Z i m n a (1960), in the conditions of Poland, for Ph. Whitlavia (6.18 mg), Ph. grandiflora (4.76 mg), Ph viscida (2.70 mg), and Ph. tanacetifolia (1.42 mg). According to F l o r i c a and I l l y é s (1967), in the conditions of Romania, one Ph. tanacetifolia flower produced 0.173 mg of nectar per day. The study average for sugar yield per one Ph. campanularia flower was 1.13 mg, whereas in other phacelia species, studied by Z i m n a (1960), it was from 0.37 to 0.96 mg. Sugar concentration in the nectar of Ph. campanularia changed, depending on the weather conditions prevailing before and after nectar secretion, and it ranged between 4.0 and 44.0%. These values are comparable to those obtained for Ph. Whitlavia, Ph. grandiflora, Ph viscida, and Ph. tanacetifolia, in which the percentage sugar content in nectar was within the range from 8.9 to 35.9 (Z i m n a , 1960).
Among the insects foraging on the flowers of Ph. campanularia, honey bees predominated, with their proportion reaching as much as 84.8%. They were mostly interested in the collection of nectar. These results are similar to those quoted for Ph. tanacetifolia in Greece (T h r a s y v o u l o u and T s i r a k o g l o u , 1994; P e t a n i d o u , 2003). According to W i l i a m s and C h r i s t i a n (1991), in England only 22% of honey bees and 3% of bumblebees collect pollen from flowers of this species.
Insects foraged on the flowers of Ph. campanularia throughout the whole day. In the afternoon hours, there was observed a decline in the number of honey bees, which could be attributable to a smaller number of flowers per unit area which bloomed during that time. A significant decrease in the number of honey bees in the afternoon hours was also noted for Phacelia tanacetifolia in Germany (W a l t h e r -H e l l w i g et al. 2006), while in Greece the most intense foraging on the flowers of this species was observed between 10.00 h and 17.00 h (T h r a s y v o u l o u and T s i r ak o g l o u , 1994).
CONCLUSIONS
1. Sugar yield of Phacelia campanularia per unit area is closely correlated with the nectar production rate, the abundance of flowering of its plants as well as their density in a given area. 2. The flowers of the studied taxon were visited by various pollinating insects, among which honey bees collecting nectar were by far predominant. 3. Phacelia campanularia can be recommended for cultivation as an attractive ornamental species providing nectar forage for insects during the summer. Ozdobne rośliny jednoroczne i dwuletnie. Wyd. AR, Poznań. M o u n t a i n M F ; D a y R . , Q u a r t l e y C H . , G o a t c he r , A . , 1981. Garden plants valuable for bees. IBRA, London. P e r s a n o O d d o L . , P i a n a L . , B o g d a n o v S . , B e nt a b o l A . , G o t s i o u P. , K e r k v l i e t J . , M a rt i n P. , 
